Abstract
Introduction

1.
Crude oil price volatility mainly originates from international market forces while there is no independent economy immune from its effects. In addition, crude oil prices are denominated in US dollars. Further, petrol price in South Africa is linked to the price of crude oil in international markets, while international petrol prices are essentially driven by supply and demand for product in a particular market. Therefore, Crude oil prices combined with the Rand/Dollar exchange rate have a major impact on petrol prices, as they are determined in the New York and London future exchange.
The determination of crude oil prices is distinguished into three eras (Wakeford, 2006) . The first era shows that crude oil prices were determined chiefly by multinational companies, while during the second era oil prices were determined by the Organisation of Petroleum Exporting Countries in the 1970s by influencing prices through its output decisions. The third and current era is the determination of crude oil prices using a market related pricing system which links crude oil prices to the market price of particular reference crude. According to Wakeford (2006) the most important and commonly used reference prices are Brent and West Texas Intermediate (WTI). However, crude oil price determination (supply and demand balance) is also dependent on; political factors, future markets, situational factors and climate change.
In order to trace the spillover effects of oil price fluctuations, macroeconomic transmission mechanism channels (two) of an oil price increase are used. The first channel shows the supply side shock effect where a rise in oil price slows down growth of output and slows down productivity. Since wages are nominal sticky downward, unemployment increases and impose further reduction in GDP and unexpected increase in inflation rate. The second channel shows the wealth transfer effect of rising oil prices which reveal the shift of purchasing power from oil importing countries to oil exporting countries. Consumer demand in oil importing countries declines while it increases in oil exporting countries. Further, world net demand for goods produced in oil importing countries is also reduced. According Nkomo (2006) , such impacts vary according to the country's dependence on oil imports, and the country's energy and oil intensities.
South Africa is a major importer of crude oil and suffers a problem of persistent high levels of unemployment. It is against this background that this study seeks to examine the impact of crude oil price volatility on unemployment in South Africa. After analyzing the supply shock effect of crude oil prices the study seek to examine the relationship of crude oil prices and unemployment in South Africa. Therefore the study seek to investigate whether an increase in crude oil prices cause an increase in unemployment in South Africa during the period 1990-2010.
Overview of Crude Oil Prices and Unemployment in South Africa 2.
Figure 2.1 below shows crude oil price and unemployment trends in South Africa for the perid 1990-2010. The average of crude oil prices was $36.18 in 1990-2010, whereas unemployment rate on average was 23.6%. The price of Brent crude oil increased from $23.43 in 1990 to $79.54 in 2010, where reasons are traced in the global economy and OPEC's output decisions (Heydova et.al 2011) . On the other hand unemployment increased from 18.8% to 24% during the period 1990-2010 and the structural factors within the labour market being the major causes. In a nutshell, Figure 2 .1 show that from 1990-2010 unemployment would; increase with crude oil prices, increase while crude oil prices decline and decline while crude oil price are increasing. The determination of the exact relationship of crude oil prices and unemployment in section five will therefore prove vital.
Review of Supporting Literature 3.
Theoretical literature that has been used in this study include: classical theory of unemployment, Keynesian theory of unemployment, Phillips Curve analysis and augmented Phillips Curve (natural rate) theory. The Classical and Keynesian theories had a consensus that (un)employment that the balance of aggregate demand and supply but the Keynesians could not agree that always occur at full employment level. Phillips Curve analysis was based on the negative relationship between unemployment and wage level (inflation) where a certain level of unemployment is achieved at a specific level inflation. Augmented Phillips Curve argues that consumer expectations (rational and adaptive) will actually keep (un)employment at a natural level in the long run where deviations exist only in the short run.
Researchers also wanted to validate theories through empirical findings and studied the impact of oil prices on unemployment while other researchers also expanded to other macro-economic variables. Certain results were different due to the nature of countries while others were conclusive. These studies are divided according to developed and developing countries, and also those based in South Africa. Research conducted in developed countries include the studies of Loschel and Oberndorfer (2009), Carruth et.al (1998) , Andrepoulos (2006) , Mellquist and Fermermo (2007) , Stern (2000) , Hamilton (1983) , Mork et al (1994) , Hooker (1996) , and Jalles (2009). In developing countries, research includes the works of Papapetrou (2001), Robalo and Soldado (2008) 
Methodology
4.
This study investigates the impact of crude oil price volatility on unemployment in South Africa by applying Johansen (1991, 1995) co-integration test based on the VAR methodology approach. This requires unit root testing; hence this study employs Augmented Dickey-Fuller and Phillips-Perron tests. In addition, error correction modelling is applied for short and long run co-integration test. Langrage-Multiplier, White-Cholesky and Jacque-Bera test are the only techniques used to perform diagnostics checks. Lastly, impulse response functions and variance decompositions are also performed in order to determine the most relative important variable in explaining unemployment changes, and how unemployment responds to changes/shocks in any of the independent variables specifically crude oil prices. The next section specifies the model.
Specification of the Model 5.
The study adopted a model used by Löschel and Oberndorfer (2009) to investigate the impact of oil prices on unemployment in Germany However, this study modifies the model in order to investigate the impact of crude oil price volatility on unemployment in South Africa. Unemployment is a function of crude oil prices, real interest rate, real effective exchange rate and real gross domestic product. This is expressed as follows:
………………………….. (1) When variables are set into logarithms to avoid the effects of their trends, the model is specified as follows:
…………………. This study uses a quarterly data covering the period 1990-2010. Unemployment data is obtained from Quantec and International Labour Organisation databases respectively. Crude oil prices, real effective exchange rate, real interest rates and gross domestic product are obtained from the SARB database where the real prime overdraft rate is used as a proxy for real interest rates. As stated earlier, the data is tested for stationarity using Augmented Dickey-Fuller and Phillips-Perron test and Table 1 presents results below. .907*** ***, ** and * represent significance levels at 1 %, 5 % and 10 % respectively.
The Augmented Dickey Fuller results in Table 1 reveal that when variables are in levels unemployment only becomes stationary at 10% significance level, while after first differencing all variables become stationary. However, Phillips-Perron test reveal that the hypothesis of unit root in the variables in levels could be rejected in the case of unemployment (at 10% significance level), real interest rate (at 5%) and real gross domestic product (at 10%). After first differencing, the PP test showed all variables to be stationary. All variables can now be assumed to be integrated of the same order, and therefore can be trusted for statistical purposes.
Interpretation of Results and Main Findings 6.
It is now assumed that variables are integrated in the same order, therefore co-integration tests can be performed. In order to address the difficulties associated with interpreting co-integration results of multiple regressions without omitting other variables, pairwise correlation matrix is applied. Table 2 below is a pairwise correlation matrix, in which it is shown that crude oil prices and real gross domestic product are negatively related to unemployment while real effective interest and real interest rates are positively related. This means an increase in crude oil price and real gross domestic product will cause a decline in unemployment while an increase in real interest and real effective exchange rates will lead to an increase in unemployment in South Africa. The next step in the Johansen technique is to indicate a lag order and the deterministic trend assumption of the VAR. This is done by using the information criteria approach as a formula of choosing the lag order. Table 3 shows that four optimal lags are selected. Therefore, the Johansen cointegration test is performed using 4 lags for the VAR. Table 3 presents the Johansen co-integration test results using a much stricter (Trace) test which reveal that the hypothesis of none of the variables is co-integrated is rejected because the trace statistics of 76.985 is higher than critical value 69.818 at 5% significance level. However, Table 4 shows the maximum eigenvalue based Johansen co-integration test which reveal that there is no co-integrating vector at 5% level of significance. This is shown by the acceptance of the null hypothesis of no co-integrating vectors since the maximum eigenvalue test 32.784 is lower than critical value 33.876. In the previous section it has been established that co-integration exists, therefore a VECM can be used. Further, short run and long run impacts of the variables have to be distinguished in order to determine the extent of the influence that crude oil prices has on unemployment using VECM. Table 5 shows long run effects of explanatory variables on unemployment as illustrated in equation 3. The long run impact of crude oil price volatility on unemployment is also shown using equation 3 below:
Equation (3) shows that crude oil prices (COP), real interest rate (RINT) are positively related to unemployment, while the real effective exchange rate and real gross domestic product (RGDP) are negatively related to unemployment. All variables are statistically significant because their respective absolute t-statistic values are greater than 2. Equation 3 suggests that a unit increase in crude oil prices increases unemployment approximately by 0.044. On the other hand, a unit increase of real interest rate increases unemployment approximately by 0.249 while a unit increase of real effective exchange in the long run decreases unemployment approximately by 0.025. Lastly, the unit increase of real gross domestic product decreases unemployment approximately by 4.426 in the long run. Evidence of how errors amongst variables are corrected in the short run is presented in Table 7 . The co-efficient of the error term (-0.056) in Table 7 shows that the speed at which unemployment adjusts to changes in its equilibrium level is 6 per cent. Therefore the deviation of unemployment from equilibrium is corrected at 6% in one quarter as the unemployment moves towards restoring equilibrium. This speed of adjustment is statistically insignificant with an absolute t-value of -1.919. The moderate speed of adjustment by unemployment in South Africa reflects the effect and impact of other factors affecting unemployment which are not specified in the model. All explanatory variables except RGDP are negatively related to unemployment. A unit increase in crude oil prices, real interest and effective exchange rates leads to a decrease of unemployment approximately by 2.697 (COP), 1.518 (RINT), 1.737 (REER). On the other hand a unit increase of real gross domestic product increases unemployment approximately by 0.017. This shows a phenomena called jobless growth in South Africa. All variables show statistical insignificance except real interest rates.
It is also essential in this study to validate the particular evaluation of the outcomes achieved by the model. This is done by using diagnostics checks as presented in Table 8 . Langrange Multiplier is used to test for serial correlation, White test for heteroskedascity and Jarque-Bera test for normality. Results show that residuals are; not serial correlated, are not heteroskestic and are normally distributed among variables. This is shown by p-values greater than 0.05 units. Since this study focuses on the impact of crude oil prices volatility on unemployment in South Africa, only the responses of unemployment to changes in unemployment, oil prices and other variables will be considered. In other words, how other variables react to changes from other variables is not considered. Unemployment responds with a decline to oil price shocks in the first quarter before increasing after three quarters, and remain level for one quarter but decreases for two quarters and increase from the sixth quarter in returning to the equilibrium. This means it takes a relative medium term for unemployment to return to equilibrium after crude oil price shocks. In the case of real effective exchange rate changes, unemployment starts to decline in the first quarter to the third quarter and returns to equilibrium in the third and half quarter before increasing until the fourth quarter. The trend dies out from the fifth quarter onwards. On the other hand, an increase in unemployment after a shock in real interest rate occurs from the first to the second quarter before returning to equilibrium. It returns to equilibrium in the second quarter and starts to decline until the seventh, where the decline dies out during the eighth quarter. This also shows unemployment takes a long-term to return to equilibrium after changes in RINT. Lastly, when shocks are experienced on the real gross domestic product, unemployment gradually increases from the first to the second quarter and remains level until the third quarter before increasing with a wide margin from the fifth to the sixth quarter. The trend dies out after the fifth quarter whilst it does not move towards the equilibrium. Variance decompositions are also performed with results presented in Table 9 . According to Brooks (2008) , variance decomposition illustrates the proportion of the movements in the dependent variables that are due to their own shocks, versus shocks to other variables. Brooks (2008) suggested that in the first period, any changes in the dependent variable are explained by its own innovations (shocks), hence unemployment explains 100% of its variance in the first period. However, moving to the fifth period, unemployment explains its variations by 92.25 per cent while the other variables explain only the remaining 7.75 per cent. Out of the remaining 7.75%, crude oil prices explained 3.27% of unemployment's changes, while the real effective exchange rate explained 0.46%, real interest rates explained 3.80% and the real gross domestic product explained 0.23%. Further, unemployment explains about 80.68% of its variations in the tenth period while the remaining 19.12% is explained by other variables. Of this crude oil prices explained 2.73% of unemployment variations, the real effective exchange rate explained 0.62%, real interest rates explained 14.60% and real gross domestic product explained only 1.36% of unemployment variations. This study allows the variance decompositions for ten quarters so as to create a long run phenomenon and thereby allowing all independent variables to affect unemployment for a longer term. In a nutshell, unemployment explains most of its variations in the short run followed by real interest rates and crude oil prices. Further, unemployment explains most of its variations followed by real interest rates and crude oil prices before real gross domestic product and the real effective exchange rate even in the long run. Therefore, with the use of variance decompositions it can be argued that real interest rates followed by crude oil prices are the most important variables in explaining unemployment in South Africa over the study period.
Conclusions and Policy Recommendations 7.
This study considered unemployment as a function of crude oil prices, real interest rate, real effective exchange rate and real gross domestic product. The main findings revealed that crude oil prices and real interest rates are positively related to unemployment, while real effective exchange rate and real gross domestic product are negatively related to unemployment in South Africa.
Based on empirical results and their theoretical implications, policy recommendations are raised in this study. The exchange rate policy intervention is recommended against the effects implicit to crude oil prices and real effective exchange rates as both variables are directly related to exchange rate. Exchange rate target and currency depreciation through monetary institutions are the main tools in which unemployment can be handled in association to the impacts of crude oil prices and real effective exchange rate.
The positive relationship between real interest rate and unemployment is also evident in the monetary policy transmission mechanism analysis of the channels. Therefore, this study recommends that the use of inflation targeting by the central bank (SARB) should strive to keep interest low in the long run as that would lead to increased investment and decline in unemployment. However, in the short run the money market has to be allowed to clear and determine interest rates on its own. Lastly, policy implications that are focused on increasing output and thereby decreasing unemployment in South Africa should be directed to labour-intensive industries with a main of increasing productivity.
